Objective To analyse the epidemiology of measles in China and determine the progress made towards the national elimination of the disease.
Monitoring progress towards the elimination of measles in China: an analysis of measles surveillance data Chao Measles is a highly infectious disease that causes enormous morbidity and mortality among children in many parts of the world. For example, it has been estimated that measles and its complications led to the deaths of more than 164 000 children in 2008 1 and about 139 300 children in 2010. 2 The availability of safe and effective vaccines makes the global elimination of measles possible, at least in theory. By 2011, the Region of the Americas of the World Health Organization (WHO) had sustained measles elimination status for more than a decade. Four of WHO's other regions have adopted measles elimination targets, while the South-East Asia
Region has set itself the task of greatly reducing its measles-related mortality -to less than 5% of the estimated value for the year 2000 -by 2015. 3, 4 In 2005, the Regional Committee for WHO's Western Pacific Region resolved to attempt to eliminate measles from the Western Pacific Region by 2012. 5 In setting this target, the Committee defined measles elimination as the absence of endemic measles transmission in a defined geographical area for at least 12 months, in the presence of a well performing surveillance system. 6 China has a mainland population of more than 1.3 billion and an area of 9.6 million km 2 and is the largest country in WHO's Western Pacific Region. Despite substantial efforts to eliminate measles from China in recent years, measles virus continues to circulate and cause significant morbidity in the country and China accounts for a large proportion of the measles cases reported in the Western Pacific Region. 7, 8 The elimination of measles in China is therefore critical to achieving the goal of regional measles elimination. (Table 1) .
Measles showed a similar seasonality in each year between 2005 and 2009, with peaks in incidence in April and May and troughs in August through October (Fig. 1) . The troughs in incidence in 2010, 2011 and 2012 were relatively prolonged, from August to December. In 2012 there was no evidence of a peak in April and May, but incidence towards the end of the year was relatively high (Fig. 1) . The numbers of cases occurring in November 2012 (556) and
December 2012 (897) were 288% and 216% higher, respectively, than the corresponding values in 2011. In 2013 there was, once again, a seasonal peak in April and May (Fig. 1) .
Between 2005 and 2008, measles was endemic throughout the country. Over this four-year period, no province had an annual incidence of less than one case per million population and more than 86% of China's counties reported at least one measles case each year.
Only one province (Ningxia) reported an annual incidence of at least 100 cases per million showing the highest incidence of measles was either that of infants younger than 8 monthsthat is, those who were too young to receive a first dose of measles-virus-containing vaccineor infants aged 8 to 23 months -that is, those who were eligible for one or both scheduled doses of measles-virus-containing vaccine. greater than the corresponding value for the whole of 2012 (31% versus 21%; Fig. 2 ).
The annual number of measles-related deaths ranged from 9 in 2012 to 103 in 2008 (Table 1 ). There were many more such deaths in the first 10 months of 2013 (n = 24) than in the whole of 2012 (n = 9). Of the measles-related deaths that occurred in January through October Just over half (53%) of these cases were unvaccinated. The corresponding proportion for the first 10 months of 2013 was relatively large (72%). Similarly, the proportion of cases aged 2 to 6 years that were unvaccinated was twice as high for the first 10 months of 2013 as for the period from 2009 to 2012 (Table 2) .
Between 2009 and 2012, genotype information was reported via the measles surveillance system for just 1324 (1.2%) of the measles cases recorded over the same period. Of the genotyped isolates, 1300 (98.2%) were genotype H1, one was D4, one was D8, one was D11 and 15 were D9.
Genotype was also reported for more than 1600 (about 6.2%) of the measles cases recorded in the first 10 months of 2013. Of the genotyped isolates made in 2013, 96% were H1, 2% were D9 and 2% were D8. 20 In the years following these activities, dramatic decreases in the reported incidence of measles cases were recorded in each of these provinces. However, these province-level activities appeared to have little impact on measles incidence at the national level. In 2008, for example, the national incidence of measles was higher than at any other time in the past 15 years. Although a coordinated nationwide campaign of measles vaccination was considered in 2008, such a campaign was prevented by limitations in the vaccine supply and programme capacity and provinces were left to organize their own activities using a variety of vaccination strategies. 21 However, after a fairly large "catch-up" campaign of supplemental immunization activities that covered 19 provinces in 2008 and 2009, 22 there was a clear need for a nationwide campaign. The 2010 nationwide campaign -again based on supplemental immunization activities -seems to have been largely successful, since it was soon followed by relatively low measles incidences. Encouragingly, the decreases seen in measles incidence
were not restricted to vaccine-targeted children but were also recorded among infants who were too young to vaccinate and adults who were also not targeted in the campaign.
Additional efforts needed
The resurgence of measles in 2013 occurred primarily among young, unvaccinated children, including infants who were too young to have been vaccinated and children of pre-school age who had missed one or both of their scheduled vaccinations. Despite the use of strong policies and programmes for measles vaccination, the H1 measles genotype continues to circulate in almost all of China's provinces. The H1 genotype is the only indigenous measles genotype in China. Since there is no non-human reservoir for measles, the circulation of this genotype represents person-to-person transmission that has persisted in China for at least 20 years. 23 The elimination of measles in China will require all of the remaining immunity gaps to be identified and filled -to the point that transmission of measles virus can no longer be sustained. If immunity gaps are to be identified and adequately filled, case investigation and outbreak analysis and response may all need to be improved. Measles virus is so highly transmissible that it is able to travel along chains of transmission even among relatively well vaccinated populations and infect groups of susceptible individuals -especially unvaccinated young children. 24 The resurgence of measles seen among young unvaccinated Chinese children in 2013 indicates a weakness in routine immunization that allows some children to miss one or both of their scheduled doses of measles vaccine. Such weakness must be eliminated if a further resurgence in the next few years is to be avoided and measles is ever to be eliminated in China.
The knowledge the routine programme of measles vaccination has weaknesses is important. Surveillance and outbreak analysis can provide information about who is acquiring measles and about the immunity gaps in target populations. Additional studies are needed to identify why, in the routine programme, not all of the eligible children are being vaccinated in a timely manner. Are children missing immunization opportunities at health-care encounters?
Are children who have recently relocated not being identified and enrolled in an immunization clinic in a timely manner? Research on health services and health-care seeking may be useful in identifying the reasons that some children are missing measles vaccinations. Such studies have been found useful in countries that have already eliminated measles by strengthening routine immunization 25 and could well be beneficial in China. 26 Records-based surveys of vaccine coverage may also help to identify any gaps in population immunity and the main risk factors for failure to be vaccinated. 27 In China, huge numbers of individuals are currently migrating from rural areas to towns and cities, largely in search of employment. Children who have moved county since birthincluding those of individuals who have relocated in this fashion -are less likely to be fully vaccinated than local children. [28] [29] [30] [31] Improvements in the identification and location of children who are new to an area may permit marked improvements in vaccine coverage.
In 2013, most of the resurgence seen in measles cases was the result of the susceptibility of unvaccinated or incompletely vaccinated children -as has been the experience in some other countries. 32, 33 In some of China's provinces, however, 2013 saw an increasing incidence of measles among adults. Although most adults in China are immune to measles, few have records of their vaccination status. The resulting general inability to distinguish immune adults from the non-immune without testing each individual makes campaigns of adult vaccination against measles difficult or inefficient.
In conclusion, although substantial progress was made in China between 2005 and 2012 towards the elimination of measles, there was a resurgence of the disease -mostly among young, unvaccinated children -in 2013. This resurgence started only two years after a nationwide campaign based on supplementary immunization activities and occurred primarily among children who became age-eligible for measles vaccination after that campaign. The strengthening of routine immunization programmes, so that measles vaccine can be administered on time to virtually all age-eligible children, is a challenge that will have to be met in order for China to eliminate measles. 
